ABSTRACT Density-dependent genetic evolution was tested in experimental populations of Drosophila melanogaster subject for eight generations to natural selection under high (K-selection) or low (r-selection) population density regimes. The test consisted of determining at high and at low densities the per capita rate of population growth of the selected populations. At high densities, the K-selected populations showed a higher per capita rate of population growth than did the r-selected populations, but the reverse was true at low densities.These results corroborate the predictions derived from formal models ofdensity-dependent selection. However, no evidence of a trade-off in per capita rate of growth was observed in 25 populations of D. melanogaster, each homozygous for a different second chromosome sampled from a natural population.
Evolutionary ecology strives to understand-and, hence, to predict-the kinds of evolutionary change that different environmental conditions may bring about in populations. An important environmental variable is population density relative to essential resources. MacArthur and Wilson (1) examined this question by considering two alternative situations, called r-selection and K-selection. According to their predictions, natural populations commonly kept at low densities by density-independent mortality (and, hence, having abundant resources) should evolve high intrinsic rate ofgrowth (r), but be unable to have superior performance at high population densities. In contrast, populations usually living at high density (and, hence, experiencing strong competition for limiting resources) should evolve high intraspecific competitive ability and enhance their carrying capacity (K).
Drawing from the theoretical work of ref.
2, Gadgil and Solbrig (3) have argued that r-selected species should devote a greater proportion of their resources to reproductive activities than K-selected species. According to ref. 4 the expected effects of r-and K-selection are indeed manifest over a broad range of taxa: r-selected species are characterized by small body size and a generation time shorter than one year, while K-selected species have larger body sizes and longer generations. A catalog of the phenotypes expected from r-and K-selection is given in ref. 5 .
The consequences ofdensity-dependent selection have been explored mathematically by several workers (6-10). Roughgarden (9, 11) assumes that fitness is equivalent to an individual's per capita contribution to population growth; fitness is further assumed to be a linear function of the total population size (N). (5) that empirical work on the evolution of life history traits has fallen into two categories. The comparative approach (3, (12) (13) (14) examines the life history traits of natural populations whose past evolutionary history must be inferred from the properties ofthe present population. The direct approach (15, 16) predicts the outcome ofnatural selection based on known differences in the environment. Although we agree with Steams in preferring the direct approach, we have performed two experiments. The first experiment tests Roughgarden's (9, 11) crucial assumption that populations have genotypes showing a trade-off in their fitness at high and low densities. This experiment examines the extent to which such a trade-offexists among a large sample ofunselected genotypes of Drosophila melanogaster. The second experiment follows the direct approach and tests whether selection under different density regimes (high and low density) modifies the per capita growth rates as predicted by models (9, 11) that postulate a trade-offbetween r-and K-selection.
MATERIALS AND METHODS Experiment 1. Twenty-five strains of D. melanogaster, each homozygous for a different second chromosome, were obtained by standard procedures (17) from a sample ofwild flies collected at Strawberry Canyon (Berkeley, CA). Density-dependent rates ofpopulation growth were determined for each ofthe 25 strains (18) , using the "type II" experiments ofref. 19 . Briefly, a specified number ofadults, N*, (consisting ofequal number ofmales and females) are allowed to lay eggs for 1 week in a half-pint (235-ml) culture with fresh medium. After 1 week, the survivors are counted and discarded; the adults emerging from the culture are then recorded at 1-week intervals over the following 3 weeks. The initial densities used for each ofthe 25 strains are N* = 10, 20, 50, 100, 250, 500, 750, and 1000, with six replicates for each strain at each density, except for N* = 1000, which had only three replicates. It deserves notice that the flies used to initiate each experiment had been raised at the same density as used in the experiment.
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Experiment 2. The 25 homozygous strains described for experiment 1 were thoroughly intercrossed and six experimental populations were established with random samples of the F2 progenies from such crosses. Three populations (r-selected) were started, each with 100 adult flies that were allowed to lay eggs for 24 hr in a half-pint standard culture. After 14 days, 100 ofthe 400-800 emerged flies were again placed in a culture and allowed to lay eggs for 24 hr. The cycle was repeated for eight generations except that 50 rather than 100 flies were used in the last three generations. The other three populations (K-selected) were maintained by the "serial transfer" method ("type I" experiments of ref. 19 ) so that the populations reached their carrying capacity in 3-4 weeks and maintained it thereafter. These K-selected populations were kept for 5 months contemporaneously with the r-selected populations. Briefly, the serial transfer method is as follows. A number ofadults are introduced into a culture, allowed to lay eggs there, and transferred at weekly intervals to new cultures. When flies start to emerge in cultures where the eggs were laid, the emerging flies are collected once a week and added to the culture into which the surviving adults were transferred, at the same time when the transfer is made. Each culture is discarded at the end of the fourth week after the time when the adult egg-laying flies were introduced into it. Thus, a population consists at any time offour cultures, one containing the egg-laying adults and the other three containing eggs, larvae, and newly emerged flies.
The evolutionary effects of the two different selection regimes described for experiment 2 were tested as follows. After completion of the experimental treatments described above, both the r-selected and the K-selected populations were maintained for two generations by mass culture, all in identical conditions; this should eliminate any nongenetic differences between the two types of populations that could be due to the selection regimes. Then, density-dependent rates of population growth were determined with type II experiments at N* = 10, 500, and 750. All tests were started on the same day. The lowest density was chosen to approximate the degree of larval competition experienced by the r-selected lines. The two higher densities were chosen to be close to the carrying capacity of the two populations, although now, after the test has been performed, it appears that their carrying capacities were somewhat higher than 750. Six replicate tests were performed at the density of 10 with each of the six selected populations; and three replicate tests at each of the densities 500 and 750.
All experiments were performed at 230C and ca. 70% relative humidity. Statistical Methods. As described in ref.
18, a general model of the serial transfer system is Nt = fl (Nt-1) + f2 (Nt-2) + f3 (Nt-3) + f4 (Nt-4), [1] in which Nt is the number of adults in the population at a given time, andfi (Ntj) is an unknown function that relates the number of adults emerging (or surviving, in the case of fl) from an i-week-old culture with the number of individuals that laid eggs in that culture. The type II experiments described above yield Density-dependent rates of population growth are determined by using a linear version of Eq. 1, Nt = aNt-, + a2Nt-2 + a3Nt-3 + a4Nt-4, [2] in which ai is a constant per capita output of an i-week-old culture that is estimated from the observations at a particular N*. In addition to determining the per capita rates of population growth, the same data can be used to estimate the "net productivity." Net productivity is defined as f1 (N*) +f2 (N*) +f3 (N*) +f4 (N*) -N.
Unlike AN*, the net productivity is not sensitive to the time at which flies emerge. Although we are primarily interested in per capita rates of population growth, the net productivity statistic reflects differences in survivorship and fecundity and can be more accurately estimated than AN*. Thus it can provide some insights into differences between populations that AN* may not yield.
RESULTS AND DISCUSSION Experiment 1. We first explore the possibility that the homozygous lines exhibit a trade-off in their density-dependent rates ofpopulation growth. To accomplish this we have calculated the correlation between the growth rate at density 10 and at each one of the other densities for all homozygous lines as a whole. The results are given in Fig. 1 . All correlations are positive, but there is in general a gradual decline of this positive correlation as density increases. It should be added that all correlations are Fig. 2 
